The temperature and frequency dependencies of sound attenuation for the proper uniaxial ferroelectric Sn 2 P 2 S 6 , which has a strong nonlinear interaction of the polar soft optic and fully symmetrical optic modes that is related to the triple well potential, were studied by Brillouin spectroscopy. It was found that the sound velocity anomaly is described in the Landau-Khalatnikov approximation with one relaxation time. For explanation of the observed temperature and frequency dependencies of the sound attenuation in the ferroelectrric phase, the accounting of several relaxation times is needed and, for quantitative calculations, the mode Gruneisen coefficients are more appropriate as interacting parameters than are the electrostrictive coefficients. Relaxational sound attenuation by domain walls also appears in the ferroelectric phase of 
Introduction
The proper uniaxial ferroelectric Sn 2 P 2 S 6 undergoes a second order phase transition (PT) at T 0 ≈ 337 K with symmetry changing P2 1 /c→Pc [1] . This transition is placed in a crossover region between displaciveorder/disorder types and also not far from the Lifshitz point (LP) and tricritical point (TCP) on the temperatureconcentration phase diagram of Sn 2 P 2 (Se S 1− ) 6 mixed crystals [2] [3] [4] [5] [6] . As was shown earlier by first-principles calculations [7] , the triple well potential model is appropriate to these ferroelectrics. Here, a nonlinear interaction of A B 2 between the soft optic mode B and full symmet-rical modes A plays an important role in nature of the PT. This transition was described in an anharmonic oscillator model [8, 9] with a triple well potential in ground state. The crossover character of the PT and their proximity to the tricritical point were explained by such an approach [10] .
The lattice anharmonicity in Sn 2 P 2 S 6 crystals was investigated by Raman and neutron scattering [11, 12] . From these measurements, the optic soft mode temperature instability and its interaction with the set of low energy nearest optic modes were observed. The critical dynamics were also investigated by dielectric spectroscopy [13, 14] . The thermal diffusivity and thermal expansion were studied, and the crystal anharmonicity was characterized [15] [16] [17] . Ultrasound spectroscopy and Brillouin scattering data for Sn 2 P 2 S 6 crystals and Sn 2 P 2 (Se S 1− ) 6 solid solutions have been presented in papers [18] [19] [20] [21] [22] . In the ferroelectric phase, the temperature dependence of ultrasound velocity was described in Landau-Khalatnikov (LK) approximation [23] . By dielectric, optic, ultrasound and thermal diffusivity investigations [15, 16, 18-20, 24, 25] , it was found that the critical behavior appears as small logarithmic corrections in the paraelectric phase of Sn 2 P 2 S 6 crystals. This fact is in agreement with the renorm-group calculations [26] [27] [28] for the appropriate universality class ULTP  the second order phase transition in uniaxial ferroelectrics near the Lifshitz point and tricritical point on the state diagram.
In all previous investigations for analysis of the temperature dependence of LA phonons velocity in the ferroelectric phase, the LK model was applied [18] [19] [20] [21] . But, the calculated sound attenuation temperature dependence for the Sn 2 P 2 (Se S 1− ) 6 crystals in earlier papers didn't describe the experimentally observed anomalies well. The LK approximation is based on the Akhieser theory for sound attenuation in isolators (see [29] [30] [31] [32] [33] [34] ). In this theory, it is assumed that the sound wave interacts only with the unique optic mode which is related to the order parameter fluctuations. It is obvious that in the considered case of Sn 2 P 2 S 6 ferroelectrics with complicated phonon spectra evolution across PT, which is related to the triple well potential, the temperature behavior of the sound velocity and attenuation could be informative enough for understanding the lattice dynamics associated with the PT. The goal of the present paper is the investigation by Brillouin spectroscopy of sound attenuation in the paraelectric and ferroelectric phases of Sn 2 P 2 S 6 crystals. The relaxation mechanism of sound attenuation in the ferroelectric phase was analyzed on the basis of the LK approximation with accounting of different relaxation times for several lattice modes and with extraction of the contribution of the domain wall. For the analysis, the prior data found for heat capacity, heat expansion, heat conductivity, and results of spectroscopic experiments (by neutron scattering, dielectric and ultrasound measurements) were used.
Experimental details
The temperature dependence of the Brillouin spectra for Sn 2 P 2 S 6 crystals was investigated in previous papers [21, 35] in right angle scattering geometry. Different geometries (right angle (90°, 90°A) and back scattering (180°) versions) were also used at room temperature for investigation of acoustic phonons with different wave numbers [36] . At this paper, we present temperature dependencies in the interval 78-365 K for the back scattering geometry. The Brillouin scattering spectra were studied using a He-Ne laser and a pressure-scanned three pass . The scattered light was collected from the volume of investigated samples. The samples were placed in a UTREX cryostat in which the temperature was stabilized with an accuracy of about 0.3 K. The investigated Sn 2 P 2 S 6 monocrystals were grown by a vapor-transport method [6] . They have good optical quality and optical absorption ≈ 0 5 cm
at light wave length 6328 Å. The dimensions of the investigated samples were 10 × 7 × 5 mm. The quasielastic Rayleigh scattering was extracted as a Lorentz line, taking into account the Gaussian instrument function for fitting of the observed spectra (see Fig. 1 as example). It was found that instrument function width is near 0.04 cm −1 . The halfwidth of the quasielastic scattering Γ R for participation of phonons with wave number q in a hydrodynamic regime is determined by the thermal diffusivity coefficient D through the relation [37] 
Here, the heat transport coefficient χ, density ρ, and heat capacity C P also could be used for estimates. Thus, the experimentally observed halfwidth of the Rayleigh spectral line can be compared with data from heat transport investigations for the Sn 2 P 2 S 6 crystals [15, 16] . For example, the quasielastic scattering halfwidths Γ R = 0 064 cm . Some deviation between Γ R / 2 and D obviously is related to the appearance of additional contributions to the quasielastic light scattering from relaxational order parameter dynamics near the phase transition. With the determined instrument function and from fitting of the satellite spectral lines by a Lorentz profile, the velocity and attenuation of acoustic phonons were calculated using the following relations for back scattering geometry:
where ∆ν B and Γ B are the Brillouin component shift and halfwidth, respectively, λ 0 is the wave length of the HeNe laser, and is the refractive index. The accuracy was about 3% for sound velocities and about 10% for attenuation. In calculations of the hypersound velocities, the known refractive index and its temperature dependence for the Sn 2 P 2 S 6 crystals [38] were used. The magnitudes of the sound velocities along different crystallographic directions and elastic moduli in Sn 2 P 2 S 6 crystals were recently studied by Brillouin right angle scattering [21] and ultrasonic investigations [18] [19] [20] . The dependencies of LA and TA phonons velocities and their wave vector orientation were determined for different crystallographic planes of Sn 2 P 2 S 6 and compared with calculated dependencies from the polarized ions model [21] . In addition, ω( ) dependence for LA phonons had been investigated earier, and dispersion of sound velocity was found in the [001] direction of the paraelectric phase in a Sn 2 P 2 (Se 0 28 S 0 72 ) 6 mixed crystal [36] . This dispersion reflects the linear interaction of soft optic and acoustic phonon branches which is related to the incommensurate phase appearance at > 0 28 [2] [3] [4] [5] 39] . In this paper we will analyze the temperature dependence of longitudinal acoustic phonons propagated along the [001] axis with the main attention on their attenuation.
Experimental results and their analysis
The temperature dependencies of the velocity and attenuation for longitudinal acoustic waves in the [001] crystallographic direction of Sn 2 P 2 S 6 crystals, which were determined from the Brillouin spectra taken in the cooling regime in the temperature region 78-365 K, are presented in Fig. 2 . A sharp minimum is observed for the V (T ) dependence in the ferroelectric phase near the second order PT temperature. But, the α(T ) dependence has a smeared maximum just below the PT temperature T 0 , and a high level of sound attenuation is also observed in all ranges of the ferroelectric phase. Let us first analyze the sound attenuation in the paraelectric phase of Sn 2 P 2 S 6 crystals. From the Akhieser theory for interaction between acoustic and heat transferring phonons follows the next relation for the sound attenuation coefficient: [29, 30] 
Here, C V is the heat capacity per unit volume, γ is the averaged Gruneisen coefficient, V and ω are the velocity and cyclic frequency of the sound, and τ is the life time of heat transferring phonons. But, if all modes have the same Gruneisen coefficient, the sound attenuation is equal to zero. In fact, the value of γ represents the difference between Gruneisen coefficients of heat transferring phonons and other phonons of the crystal. Determined by relation (4), the coefficient α = 400 cm
agrees with observed sound attenuation value in the para- s from neutron scattering [12] . We see (Fig. 2 ) that α ≈ in the paraelectric phase, at T > T 0 = 337 K, and this is naturally because α ∼ χT , and χ ∼ T −1 at these relatively high temperatures (for Sn 2 P 2 S 6 crystals the Debye temperature is about 82 K [6] ). It is interesting to compare the spectroscopic data concerning acoustic phonons attenuation with the thermodynamic and heat transport data for the Sn 2 P 2 S 6 crystals. From Eq. (3) and (4) can found the relation for halfwidth Γ B of Brillouin spectral satellites with frequency ω B :
For convenience, one can use the molar heat capacity C µ P .
It follows that
where µ is the molar weight, and, using the relation
ω 2 B τ, one can find the mean group velocity V of the short-wave phonons which participate in heat transport:
Using values for τ and V calculated by (6) and (7) and Γ R from quasielastic scattering, the mean free path of the heat conducting phonons can be determined as = V τ. Calculated in this way the mean free path of the heat conducting phonons in the paraelectric phase reaches nearly 15 angstroms, that is equal to 2 ÷ 3 elementary cells of Sn 2 P 2 S 6 crystal structure. Thus, the mean life-time τ of these acoustic phonons, which was estimated by relation (6), is about 10
s. This value is in agreement with the neutron scattering spectral line halfwidth for the acoustic branches in the middle of Brillouin zone [12, 39] . The related mean group velocity V of the considered acoustic phonons is found near 1700 m s
and also agrees with the neutron scattering data for the low energy acoustic dispersion branches in the investigated crystals. As a whole, we can conclude that the acoustic attenuation in the paraelectric phase of the Sn 2 P 2 S 6 crystals coincides with their thermodynamic and dynamic properties. Now we will consider the acoustic properties of the ferroelectric phase of Sn 2 P 2 S 6 crystals. Using the Landau theory of second order PT, one can describe the sound velocity and attenuation anomalies. For the case of onecomponent order parameter P=(P 0 0) and strain interaction, the thermodynamic potential can be represented in the following form:
Here A = A T (T − T 0 ), B and C do not depend on temperature, are the elastic moduli, are the electrostriction coefficients, and are the quadratic electrostriction coefficients. In the approximation of one relaxation time τ = τ 0 /(T 0 − T ) for the order parameter dynamics, which was assumed in the LK model [23] , the expression for the jump of the elastic modulus at the PT and its temperature dependence in the ferroelectric phase has the form:
The real and imaginary part of the complex elastic modulus are connected with the sound velocity and attenuation, respectively. In consideration of the known relation ∆ = ρ(V 2 − V 2 ∞ ) (here V ∞ is equal to the sound velocity in the paraelectric phase) and using relation (9), it follows that the form for the temperature dependence of the velocity and attenuation is:
It should be noted that, for the Brillouin scattering measurements, the frequency ω is not constant, but it is determined through ω = V . [21] . Therefore, using (12), we have ρV 2 11 ≈ 11 , ρV 2 33 ≈ 33 , and using (9), we obtain
The analysis of the temperature dependence of the longitudinal sound velocity propagating along the [001] direction in the Sn 2 P 2 S 6 crystals ( Fig. 2) with use of Eq. (13) has been performed with previously determined [2] [3] [4] [5] [6] Thus, using the parameters of thermodynamic potential (8) which were determined at previous investigations [2] [3] [4] [5] [6] [18] [19] [20] [21] , the relaxational temperature anomaly of the sound velocity in the ferroelectric phase of Sn 2 P 2 S 6 crystals can be described correctly. But calculated with these parameters though relation (11) the relaxational anomaly of sound attenuation does not coincide with the observed temperature behavior (Fig. 2) . The minimum of V (T ) and peak of α(T ) anomalies in the relaxational LK model are placed at a temperature which follows from the condition ωτ ≈ 1 and
s K. Such a value of τ 0 for the relaxational dynamics of the order parameter in the ferroelectric phase of Sn 2 P 2 S 6 crystals agrees with previous results which have been found in Raman and neutron scattering experiments [11, 12] , and also with ultrasound measurements [18] [19] [20] . A full set of available data about critical dynamics related to PT in Sn 2 P 2 S 6 crystals, including results of both back-wave and microwave dielectric spectroscopy [13, 14] , is presented in Fig. 3 . The temperature dependence of the reciprocal of the mean value of the relaxation time also coincides with the observed behavior of the reciprocal of the static dielectric susceptibility [24] . Generally, we can see that, in the ferroelectric phase of It can be supposed that the observed disagreement in describing the experimentally obtained attenuation of acoustic waves in the ferroelectric phase of Sn 2 P 2 S 6 crystals is obviously connected with determination of interaction parameters between acoustic waves and optic modes which are related to the spontaneous polarization. In the LK approximation with one mean relaxation time τ, it is supposed that a unique soft optic mode is related to ferroelectric phase transition. For Sn 2 P 2 S 6 crystals not only a unique soft optic vibration is involved in the lattice instability, but many low energy optic branches are mixed by linear and nonlinear interactions. In the paraelectric phase, the nonlinear interaction of A B 2 type is at origin of the lattice instability determined by the triple well potential [7] . However, not only the lowest energy polar B mode decreases their frequency at cooling in paraelectric phase to T 0 , but also the nearest fully-symmetrical A mode lowers their energy. These modes also interact Figure 3 . The temperature dependencies for the reciprocal of the order parameter relaxation time in the paraelectric and ferroelectric phases of Sn 2 P 2 S 6 crystals that were determined on the data of microwave dielectric spectroscopy (dark squares) [13] , back-wave dielectric spectroscopy (open circles) [14] , neutron scattering (open triangles) [12] and Raman scattering (open inverted triangles) [11] . The dependence τ at T 0 , respectively [11, 12] , and the relaxational mode is actrually fully softened at T → T 0 , as was observed by dielectric microwave spectroscopy [13] . In the ferroelectric phase with P space group, both B and A modes find A symmetry and already linearly interact. By Raman spectroscopy [11] , an "effective" soft optic mode with an almost linearly temperature dependent squared frequency Ω 2 TO = ω 2 was observed, which is the product of many optic modes with frequencies ω in the range 8-60 cm −1 . In this case the frequencies of the optic modes were determined within 1 cm −1 precision. Thus, the "resonance" LK model with one mean relaxation time for the Sn 2 P 2 S 6 crystals must be obviously generalized by taking into account the set of low frequency phonon branches which are effectively modulated by the acoustic wave. Such a generalization was considered earlier in the papers [29] [30] [31] [32] [33] [34] and can be expressed in the following way. From Eqs. (4) and (11), it follows that C V T γ 2 = ∞ − 0 . The difference between Gruneisen coefficients of phonons can be accounted by the relation
where is the phonon branch index. From this, the heat capacity is represented as C V = C V ( ), and the sound attenuation coefficient
Usually, the soft optic mode ω( = 0) has the largest Gruneisen coefficient (γ → γ ) and the largest population ( → ).
Here the index i belongs to some values of and .
In the case of anharmonic interaction of acoustic waves at ωτ 1 with phonons from several optic branches, the "two-mode" approach could be used at which all optic vibrations are represented by a single optic mode "opt", and all acoustic phonons are involved in a single acoustic mode "ac". Anharmonicity of these modes is characterized by Gruneisen coefficients γ and γ . Also, they contribute to heat capacities C and C , and their relaxation times are τ and τ . Thus, the sound attenuation coefficient can be represented in the form [33, 34] 
with τ = τ +
C C τ
It can be seen that γ → 0 was assumed in the LK approximation (4). The value for τ can be obtained from Raman scattering data by using τ
s K. We suppose that the thermal flow is mostly determined by acoustic phonons, and the value of τ can be determined from thermal conductivity measurements [15, 16] . To find γ and γ , we can first calculate tha average Gruneisen coefficient by the known thermodynamic relation [40] γ
where β is the volume heat expansion coefficient, and B S is the adiabatic bulk modulus. All these characteristics and their temperature dependence have been earlier determined [6] . The temperature dependence for the thermodynamic Gruneisen coefficient calculated by relation (15) is presented in Fig. 4 . It is seen that in the paraelectric phase, at T > 337 K, γ G ≈ 1. At cooling into ferroelectric phase, the γ G (T ) dependence shows sharp jump to negative values and, at low temperatures (T < 200 K), γ G returns to positive values again. Thus, we could specify a temperature range in the ferroelectric phase of Sn 2 P 2 S 6 crystal with a negative Gruneisen coefficient γ G . In a similar temperature interval, between 200 K and T 0 = 337 K, negative values for volume heat expansion coefficient β were observed [17] . The anomalous parts of the temperature dependence of Sn 2 P 2 S 6 lattice parameters in the ferroelectric phase were determined by appearance of the spontaneous polarization and are characterized by electrostriction coefficients. So, negative values for both β and γ G coefficients are determined by the temperature evolution of the ferroelectric phase transition order parameter in the Sn 2 P 2 S 6 crystal. By definition, the Gruneisen coefficient γ G is determined by the volume dependence of lattice vibration frequencies: γ = −d ln ω /d ln V [41] . Generally, this coefficient could be represented as a sum of contributions γ from all phonon modes. In this case, the weight of the mode Gruneisen coefficient γ is determined by contributions of named phonon modes to the heat capacity. Simplifying, we can separate contributions from optic and acoustic modes in the next form
The temperature dependence for the Sn 2 P 2 S 6 crystal heat capacity [42] and the separate contributions C and C from acoustic and optic modes, which were calculated according to the known Debye and Einstein models, are presented in Fig. 5 . The acoustic contribution to the Gruneisen coefficient was calculated by using known values for the longitudinal V and transverse V sound velocities for the Sn 2 P 2 S 6 crystals by relation [43] 
. Using these data and relation (16), the optic contribution γ was found. The temperature dependencies of γ and γ are illustrated in Fig. 4 .
It is seen that the acoustic modes' contribution to the Gruneisen coefficient γ is positive and constant for temperature variation across the ferroelectric phase, and it has a small jump to a larger value at the transition to the paraelectric phase. Interestingly, all of the anomalous behavior of the Gruneisen coefficient γ G comes from the "optic" contribution γ . Negative values of γ are observed in the temperature range between 200 K and T 0 = 337 K.
Such behavior of γ coincides with high negative values of the volume thermal expansion coefficient in the ferroelectric phase of Sn 2 P 2 S 6 crystals [17] . This behavior of γ can also be interpreted as a result of sharp rise of quantity of the low frequency optic modes with similar symmetry in ferroelectric phase (in compare with paraelectric phase). The optic Gruneisen coefficient γ contains contributions from all optic branches ω( ) in the Brillouin zone and, generally for any modes, γ ( ) ∼ ω −2 TO ( ). By investigating Raman spectra in Sn 2 P 2 S 6 crystals under the influence of hydrostatic pressure, the frequency dependence of the mode Gruneisen coefficients γ was found [44] . It was shown that for the internal optic vibrations of the (P 2 S 6 ) 4− anions with covalent P-S and P-P chemical bonds these coefficients are smaller than for the external vibrations of the crystal lattice, which are related to the rigidity of ion-covalent Sn-S bonds. At the appearance of the spontaneous polarization in ferroelectric phase, the inequivalency of the Sn-S bonds is clearly observed  the crystal structure becomes "layered" due to different shifts of two pairs of Sn 2+ cations. Such structure rearrangement obviously induces growth of the Gruneisen coefficients γ for the lattice modes with an "interlayer" component in their eigenvectors. The reasons for this are obviously complex electronic interactions caused by the lone electron pair 5 2 of the Sn 2+ cations, as was pointed out by recent first-principles calculations of the electronic structure for the Sn 2 P 2 S 6 compound [7] .
Thus, a high quantity of low frequency fully symmetric phonon modes in the ferroelectric phase of Sn 2 P 2 S 6 crystals is related to the observed behavior of γ . And finally, the existence in the paraelectric phase of strong nonlinear interactions like A B 2 , which is related to the lone elec-tron pair of the Sn 2+ cations, induces lowering of A mode frequencies at cooling to T 0 , and by this determines a rich set of the low frequency optic modes in the ferroelectric phase of Sn 2 P 2 S 6 crystals. The temperature dependence of α(T ) calculated by relation (14) together with experimental data are presented in Fig. 6 . It can be seen that the calculated peak in α(T ) is smaller in comparison with that calculated by Eq. (11) in the LK approach with one relaxation mode (Fig. 2) . This difference can be explained as follows. In the LK model, the parameter of interaction between the acoustic wave and the optic mode is related to the electrostrictive constant, and its value follows from the lattice thermal expansion induced by spontaneous polarization in the ferroelectric phase. But the latter is devoted to static conditions and contains contributions from all optic modes for which eigenvectors take part to the lattice distortion at the spontaneous polarization appearing in the ferroelectric phase. In this case, only one normal mode is involved with this interaction parameter in the LK approach. In reality, the acoustic wave modulates frequencies of several low energy modes with different efficiencies, which is reflected by different values of Gruneisen coefficient γ for these modes. The Gruneisen coefficient of the lowest frequency optic mode is smaller than follows from dilatation data. In this case, the contributions to sound attenuation from the highest frequency optic modes is small enough.
It is important to mention that by accounting for the acoustic contribution τ to the relaxation time τ in relation (14) have not drastic influence on calculated dependence of α(T ) (Fig. 6 ). . Also, enough small contribution to the sound attenuation arises from the nearest low frequency optic modes  this one could add near several percents to the calculated value of α at temperature of its maxima.
In general, with participation of set of optical modes, the sound attenuation could be described in the LK model with several relaxation times. In this case, the maxima on the α(T ) dependence near the phase transition will be smaller than calculated α value in the approach with one mean relaxation time.
In addition to the relaxational sound attenuation by optic modes in the ferroelectric phase of Sn 2 P 2 S 6 crystals, an additional contribution increases with lower temperature and reaches an almost saturated value (Fig. 6 ). This attenuation is qualitatively proportional to the spontaneous polarization magnitude and could be related to the domain walls. Indeed, sound attenuation observed by Brillouin scattering in a monodomain Sn 2 P 2 S 6 sample is smaller than in the polydomain state.
The frequency dependence of the sound attenuation in (14) is represented by the continuous line.
Sn
2 P 2 S 6 crystals at 295 K is presented in Fig. 7 . Experimental data for this temperature were collected from ultrasound measurements [18] [19] [20] and from Brillouin spectroscopy in right angle (90°, 90°A) and back-scattering (180°) geometries [21, 36] . The sound attenuation was determined with precisions of about 7% for ultrasound and 10% for Brillouin measurements. The dependencies of α(ω) calculated by using relation (11) at different temperatures in the ferroelectric phase are also shown in Fig. 7 . From comparison of the experimental data with the calculated frequency dependence of sound attenuation at fixed temperature, it clearly follows that there is an additional mechanism of sound losses in the ferroelectric phase. The difference between the experimental data for sound attenuation at different frequencies for 295 K determined from Fig. 7 and the calculated α(ω) dependence at this temperature which arises from sound interaction with optical modes is presented in Fig. 8 . In this way a supposed contribution to attenuation from domain walls was extracted. This mechanism of sound attenuation at fixed temperature obeys a frequency dependence according to the relation α = Dω 2 τ
with relaxation time τ ≈ 1 4 × 10
−10
s which does not depend on temperature. Here the constant D = 5 5 was used. Using relation (17) , the temperature dependence of sound attenuation caused by domain walls was also calculated (Fig. 9) . Both the LK and domain contributions into the α(T ) dependence together explain observed temperature dependence of the hypersound attenuation in the ferroelectric phase of Sn 2 P 2 S 6 crystals. [18] [19] [20] and from Brillouin spectroscopy in right angle (90°, 90°A) and in back scattering (180°) geometries [21, 36] is shown by points. 
Conclusions
By Brillouin spectroscopy and with analysis accounting for available thermodynamic, kinetic and spectroscopic data, it was shown that the temperature anomaly and frequency dependence of the longitudinal sound attenuation in the ferroelectric phase of Sn 2 P 2 S 6 crystals can be described in the LK approximation with taking into account several relaxation times related to the low energy optic modes which contribute the most to the spontaneous po- larization. The mode Gruneisen coefficient should be used for quantitative analysis of relaxational sound attenuation. This peculiarity of Sn 2 P 2 S 6 ferroelectrics is related to the triple well potential and the strong nonlinear interaction of the polar soft optic mode with fully symmetrical optic modes. For such a specific nature of second order phase transition, a high concentration of the domain walls appears in the ferroelectric phase and they also strongly contribute to the sound attenuation. In the paraelectric phase the sound attenuation coincides with the calculated value from Akhiesers' theory.
